TPC1i2 SERIES 
CMOS FIELD-PROGRAMMABLE GATE ARRAYS 


SRFS002C — D3963, DECEMBER 1991 — REVISED FEBRUARY 1993 


Three Arrays With Increased Densities Enhanced Architecture 


® Up to 8000 Equivalent Gate Array Gates . eapslpebee Singiermoculesedve ne 
unctions 

¢ Supported by TI Action Logic™ System — Supports Wide-Input Combinatorial 
(TI-ALS) Software Functions 

® Desktop Programmable @ Two In-Circult Diagnostic Probe Pins 

© Rellable, Nonvolatile Antifuse Interconnect Support 50-MHz Analysis 

@ Design Library With Over 250 Macros @® Low-Power CMOS Technology 

e User-Programmable I/O Pins ® Two High-Speed, Low-Skew Clock 

Networks 


@ I/O Drive to10 mA 


description 


The TPC12 Series is the next generation of field programmable gate arrays from Tl. Based on channeled array 
architecture, the TPC12 Series provides significant enhancements to gate density and performance while 
maintaining upward compatibility from TPC10 series designs. The devices are implemented in silicon gate, 
two-level metal CMOS, andthey employ antifuse technology. The unique architecture offers gate array flexibility, 
high performance and instant turnaround through user programming. Designs of up to 8000 gates can be 
implemented with the TPC1280 device. The TPC 12 Series is supported by the Action Logic System (ALS). ALS 
is available on Sun™, HP/Apollo™, and 386/486 PC platforms, with CAE interfaces to Cadence™/Valid™, 
Viewlogic™, Mentor Graphics™, and OrCAD™. 


Product Family Profile 


DEVICE TPC1280 TPC1240 7 TPC1225A 


Capacity 
Gate array equivalent gates 8000 4000 
TTL equivalent packages 210 105 


Action Logic, Activator, and Actionprobe are trademarks of Actel Corporation. 
Cadence and Valid are trademarks of Cadence Design Systems, Inc. 
HP/Apollo is a trademark of HP/Apollo Computer, Inc. 

Mentor is a trademark of Mentor Graphics Corporation. 

Sun is a trademark of Sun Microsystems, Inc. 

OrCAD/SDT Ill is a trademark of OrCad Systems Corporation. 

Viewlogic is a trademark of Viewlogic Systems, Incorporated. 


UNLESS OTHERWISE NOTED this document contains PRODUCTION Copyright © 1993, Texas Instruments Incorporated 
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enhanced architecture se 


Routing efficiency with large gate counts is accomplished with increased routing resources, increased antifuse Sa 
programming elements, and architectural enhancements. Horizontal routing tracks per channel increase to 36 
(vs 25 for TPC10); vertical routing tracks per column increase to 15 (vs 13 for TPC10). All speed-critical 
module-to-module connections are accomplished with only two low-resistance antifuse elements. Most 
connections are implemented with either two or three antifuse elements (as shown in Figure 1). No connections 
are allowed with more than four antifuse elements in the path. The result is predictable performance with fully 
automatic placement and routing. Device utilization is typically 85% to 95% of available logic modules and 80% 


of gates. 
Uncommitted Vertical Segment Input Piet 


A 
74 Be. 


Driver 
Dedicated Vertical Segment 


> LJ Input Segment 
4b A 


Figure 1. TPC12 Enhanced Routing Architecture 


two module design: C modules and S modules ¥ 


The TPC12 Series offers dedicated combinatorial and combinatorial-sequential modules. The combinatorial wee 
module, C Module, has been enhanced to implement high fan-in combinatorial macros, such as 5-input AND, 
OR, NAND and NOR gates. Additionally, AND-OR gates, XOR gates, AND-XOR gates, and many other 
combinatorial functions are available. 


The combinatorial-sequential module, S Module, has been optimized to implement high-speed flip-flops within 
a single module. Furthermore, S Modules also include combinatorial logic within the S Module allowing an 
additional level of logic to be implemented with no additional propagation delay. 


hard and soft macros 


Designing with Tl FPGAs is accomplished through a building-block approach. Over 250 schematic 
representations of widely used logic functions are stored within the macro library. Each macro represents one 
of the basic to complex building blocks from which you may build your design. These macros range from simple 
logic functions such as AND gates to more complex logic functions, such as 16-bit counters and accumulators. 


The macros are implemented within the FPGA architecture by utilizing one or more C Modules and/or S 
Modules. Over 150 of these macros are implemented within single modules, and an additional 25 macros are 
implemented by connecting only two modules. One-module and two-module macros have a small propagation 
delay variance providing accurate performance prediction capabilities. These are called hard macros and their 
propagation delays are specified within the data sheet. 


More complex logic functions are also included in the macro library. These soft macros are implemented by 
using several hard macros. The propagation delays of soft macros are not specified within the data sheet. 
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Cc programmable I/O pins 


Each I/O pin can be configured as an input, output, 3-state, or bidirectional buffer. Inputs are TTL- and 
CMOS-compatible. Output drive levels meet 10-mA TTL and 6-mA HCT standards. 


Optional transparent latches at the I/O pins are provided for both inputs and outputs. I/O latches can be 
combined with latches in the array to implement master-slave flip-flops as depicted in Figure 2. A selection of 
registered I/O macros are included in the macro library. 


clock distribution network 


Two low-skew distribution networks are provided. Each network can be driven by either of two dedicated I/O 
pins or from internal logic. 


enhanced programming and test 


The TPCi2 Series provides the same type of specifications as the TPC10 Series. All routing tracks, logic 
modules, program, debug, and test circuits are fully tested prior to customer shipment. Verification of correct 
antifuse programming is performed automatically with Activator™ 2 programming and debug hardware. The 
TPC12 Series architecture implements an enhanced programming and test algorithm. 


probe pins 


TPC12 Series devices have two independent diagnostic probe pins, PRA and PRB. These pins allow the user 
to observe any internal signals by entering the appropriate net name in the diagnostic software. Signals may 
be viewed on a logic analyzer using Actionprobe™ diagnostic tools. The probe pins can be used as user-defined 
I/Os when debugging has been completed. 


Logic Modules 


Figure 2. Latched User I/Os 
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TERMINAL FUNCTIONS 


Clock A. TTL clock input for clock distribution networks. The clock input is buffered prior to clocking the logic modules. 
This pin can also be used as an I/O. 


Clock B. TTL clock input for clock distribution networks. The clock input is buffered prior to clocking the logic modules. 
This pin can also be used as an I/O. 


Diagnostic clock. TTL clock input for diagnostic probe and device programming. DCLK is active when the MODE pin 
is high. This pin functions as an /O when the MODE pin is low. 


VO VO Input/output. I/O pins function as an input, output, 3-state, or bidirectional buffer. Input and output levels are compatible 


with standard TTL and CMOS specifications. Unused I/O pins are automatically set low by the ALS software. 


Mode. The MODE pin controls the use of multifunction pins (DCLK, PRA, PRB, SDI, SDO). When the MODE pin is high, 
the cit functions are active. When the MODE Lae is low, the iii function as I/Os. 


| Probe A. The ee A pin is used to output data from any user-defined rare node within the device. This independent 
diagnostic pin is used in conjunction with the probe B pin to allow real-time diagnostic output of any signal path within 
the device. The probe A pin can be used as a user-defined I/O when debugging has been completed. The pin’s probe 
capabilities can be permanently disabled to protect the programmed design's confidentiality. PRA is active ANTON the 
MODE pin is high. This pin functions as an I/O when the MODE pin is low. 


ProbeB. The probe B pin is used to output data from any user-defined design node within the device. This independent 
diagnostic pin is used in conjunction with the probe A pin to allow real-time diagnostic output of any signal path within 
the device. The probe B pin can be used as a user-defined I/O when debugging has been completed. The pin’s probe 
capabilities can be permanently disabled to protect the programmed design's confidentiality. PRB is active when the 
MODE pin is high. This pin functions as an I/O when the MODE pin is low. 


Serial data input. Serial data input for diagnostic probe and device programming. SDI is active when the MODE pin is 
high. This pin functions as an I/O when the MODE pin is low. 


Serial data output for diagnostic probe. SDO is active when the MODE pin is high. This pin functions as an I/O when 


the MODE pin is low. 


Supply voltage. Input high supply voltage. 


Programming voltage. Input supply voltage used for device programming. This pin must be connected to GND during 
normal operation. 

Vpp Programming voltage. Input supply voltage used for device programming. This pin must be connected to Vcc during 
normal operation. | 
Programming voltage. Input supply voltage used for device programming. This pin must be connected to Voc during 
normal operation. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage range , Voc (see Notes 1, 2, ANd 3)... cece eee te ee tee eee eee -0.5Vto7V 
Input VOlage (ange; Vist sciences ce ccaote cee nbeeices Curetedeteiamanteeeaesiness —-0.5to Ven + 0.5 V 
Output VOlage Tange. Vo: sscesacerinta ees aed aes hte aewa vader ee eaweue Repee eens —-0.5to Voc + 0.5 V 
Input clamp current? , I (Vj < OOF Vp > VoC) occ cece cece eee een eee e nent ete een te nen eeees +20 mA 
Output clamp current§, lox (Vo <0 OF VO > Ve) cece ccc c ete e tence ee ee eee e ne eenenneennees +20 mA 
Continuous output current8, (Vo = OO VoC) «6... cece cece ene eee eee e eens eeeneeneeeas +25 mA 
Operating free-air temperature range, Ta: Commercial ....... 0... cece eee eee o°c to 70°C 

INGUSHial 22cp fete visa eeeek Pac eheeeee — 40°C to 85°C 
Operating case temperature range, Tc: Military ............. cece ccc ee eee — 55°C to 125°C 
Storage temperature (ange s..4.0- sii iiasadigaiwaasandaniesooreoseameneepresatanaeees — 65°C to 150°C 


T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

+ Applies for input and bidirectional buffers 

§ Applies for bidirectional and output buffers 

NOTES: 1. Vpp = Vcc except during device programming 

2. Vsv = Vcc except during device programming 
3. Vis = GND except during device programming 
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recommended operating conditions 


Vcc Supply voltage 


Vpp Program pin voltage (while not programming) 


Vin High-level input voltage 
VIL Low-level input voltage 


TA Operating free-air temperature re 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise 
noted) 


TEST COMMERCIAL INDUSTRIAL MILITARY 
PARAMETER UNIT 
CONDITIONS MIN TYPT MAX| MIN TYPT MAX] MIN TYPT MAX 


High-level output voltage 

Vou (anioveloupatvotiage Tow=-ema | 3aa «| SSSCSCSC~iT SSCS SC 
Lowlevelouiputvottage [iop=tomA | SSS] C*dSSSCSSSCSSCSCS 

VOL V 

|OZ _Offstate output curent_|Vo=Voo or 0 
Standby supply current 

Icc (see Note 5) mr 


(see Notes 6 and 7) 


T Typical values are at Voc = 5 V, Ta = 25°C. 

NOTES: 4. Only one output tested at a time. Vcc = minimum value in recommended operating conditions. 
5. All outputs unloaded. All inputs = Voc or GND. 
6. Not tested, for information only 
7. Includes worst-case 176 CPGA package capacitance. Vo = 0, f = 1 MHz 
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timing characteristics 


Timing characteristics for TPC12 Series arrays fall into three categories: family dependent, device dependent, 
and design dependent. The output buffer characteristics are common to all TPC12 Series devices. Internal 
module delays are device dependent. Internal wiring delays between modules are design dependent. Design 
dependency means actual delays are not determined until after placement and routing of the user’s design is 
complete. Delay values may then be determined by using the ALS timer utility or performing simulation with 
post-layout delays. The macro propagation delays in the switching characteristics tables include the module 
delay plus estimates derived from statistical analysis for wiring delay. This statistical estimate is based on 90% 
module utilization. | - 


critical and typical nets 


Propagation delays are expressed for two types of nets: critical and typical. Critical nets are determined by net 
property assignment before placement and routing. Up to 6% of the nets in a design may be designated critical. 


fan-out dependency 


Propagation delays are dependent on the fan-out (number of loads) driven by a macro. Delay increases with 
increasing fan-out due to capacitive loading of the macro inputs and the resistance and capacitance of the 
interconnect. 


long tracks 


Some nets in the aesibn will utilize long tracks. Long tracks are special routing resources that span multiple rows 
or columns of modules. Long tracks are most frequently used in large fan-out (> 10) situations. Long tracks will 
utilize three and sometimes four antifuse connections. The increased capacitance and resistance will result in 
longer net delays for macros connected to long tracks. Typically up to 6% of the nets ina fully utilized device 
will require long tracks. Long tracks add an additional 10-ns to 15-ns delay. 


slow Input transition (rise and fall) times 


Slow signal transition is a condition that commonly occurs even in today’s high-performance systems. A typical 

~ example is the signal degradation encountered with signals coming off of a highly capacitive bus. These slow 
signal transitions can cause undesirable results when traveling through the threshold region of a CMOS input. 
Texas Instruments recommends that input signal transitions be limited to 500 ns or less to ensure device 
integrity. 
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timing derating 


Operating temperature, operating voltage, and device processing conditions, along with device die size and 
speed grade, account for variations in array timing characteristics. These variations are summarized into a 
derating factor for TPC12 array typical timing specifications. The derating factors as shown in table are based 
onthe recommended operating conditions for TPC12 applications. The derating curves in Figure 3 and Figure 4 
show worst-to-best case operating voltage range and best-to-worst case operating temperature range. The 
temperature derating curves are based on device junction temperature. Actual junction temperature is 
determined from ambient temperature, power dissipation, and package thermal characteristics. 


Table 1. Timing Derating Factor (x typical) (see Note 8) 


BEST CASE WORST CASE 


NOTE 8: Best case reflects maximum operating voltage, minimum operating temperature, and best case processing. Worst case reflects 


Delay Time Normalized to Value at 5 V 


minimum operating voltage, maximum operating temperature, and worst case processing. Best case derating is based on sample data 
only and is not guaranteed. 


DELAY TIME FACTOR DELAY TIME FACTOR 
vs vs 


SUPPLY VOLTAGE JUNCTION TEMPERATURE 


x 
| 


Se Oe See ee 
Rae Tae aa Dae ee 
es Se eee ees ee 
Ee a a ee 


Delay Time Normalized to Value at 25 °C 


-60-40 -20 0 20 40 60 80 100 120 130 
Voc — Supply Voltage — V Ty — Junction Temperature — °C 


Figure 3 Figure 4 
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TPC1225A timing requirements over recommended operating conditions, no further derating required (see 
Note 9) 7 


COMMERCIAL INDUSTRIAL 
[MIN MAX| MIN Max] UNIT 


flock _ Clock frequency Flip-flop a ) 2 
top _Clock period Flip-flop es ees Re | eee 
Flip-flop CLK = 


Pulse duration 
(active pulse) 


Latch PRE or CLR 


Flip-flop data inputs (A, B, D, J, K, S, or T) 
before CLK 


i 


Input buffer latch pad input | 25 


| Setup time 


Output buffer latch D before G 


Flip-flop data inputs (A, B, D, J, K, S, or T) 
after CLK 


Flip-flop E after CLK 
th Hold time Latch data inputs (A, B, D, or S) after G 


Latch E after G 


Input buffer latch pad input after G 


Output buffer latch D after G ==. 


NOTE 9: Data applies to macros based on the sequential module (S Module). Timing parameters for sequential macros constructed from 
combinatorial modules (C Module) can be obtained from the TI-ALS timer utility. 


TPC1225A switching characteristics 
propagation delays, Vcc = 5 V, Ty = 25°C, process = typical (see Note 10) 


PARAMETER 
Single module 
Single module 
: Dual module 
Dual module 


o 
a) 
Qo. 


PRE or CLR to Q 
PRE or CLR to Q 


NOTE 10: FO means fan out. 


LC emee 
_ Sree ee 
(Le 
a ee 
ee ee ce 
ae a ee 
a aCe 
ae a Cae 
ee eo 
| td | PRE or CLR tea 
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TPC1225A switching characteristics (continued) 


Input buffer, Voc = 5 V, Ty = 25°C, process = typical (see Note 10) 


mile 


NOTE 10: FO means fan out. 
output buffer, Vec = 5 V, Ty = 25°C, process = typical 


= 
= 
| 

= a 


eee A 


T Derating does not apply to this parameter. 
NOTE 10: FO means fan out. 
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TPC1225A-1 timing requirements over recommended operating conditions, no further derating required (see 
Note 9) 


Tejock Clock requency[Fiptep SSCS SC 
cp_Clockpovied 
Flip-flop PRE or CLR 


Pulse duration 
(active pulse) 


Input buffer latch pad input 
Output buffer latch D before G 


; Flip-flop data inputs (A, B, D, J, K, S, or T) 
before CLK 
th Hold time 


eed 

ee 

om. aaa 

a 

| Flip-flop data inputs (A, B, D, J, K, S, or T) Ca 
before CLK 

Flip-flop PRE or CLR (inactive) before CLK a aa 

[FlipflopEbeforeCLK SS CSC*dSC“‘'’ OC’ 

tu Setup time [Latch data inputs (A,B,D,orS)beforeG «| 

[Latch PRE or CLR (inactiveybeforoG@ TT 

[LatchEbeforeG@ CSC~C“‘“SCS*dSCSNSC‘C*‘S 

ee! 

| ec a 

a ee 

h ! ee ee 

aes 

ea 

ho Saas 


Input buffer latch pad input after G 
Output buffer latch D after G 


NOTE 9: Data applies to macros based on the sequential module (S Module). Timing parameters for sequential macros constructed from 
combinatorial modules (C Module) can be obtained from the TI-ALS timer utility. 


TPC1225A-1 switching characteristics 
propagation delays, Vcc = 5 V, Ty = 25°C, process = typical (see Note 10) 


ee ee 
ea [Shale [Gitano [8 
es _ | Sratemecite | tyneatnet [a 
ee 
(a | Beatmoate | tyneatoot [7 | 78 
a 
os a 
ra [2s 
Te 


2 


PRE orCLRtoQ | Typicalnet_ | 4.4 


NOTE 10: FO means fan out. | | 


CLK to Q Typical net 
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TPC1225A-1 switching characteristics (continued) 


Input buffer, Voc = 5 V, Ty = 25°C, process = typical (see Note 10) 


PARAMETER ‘Ribu 


t 


NOTE 10: FO means fan out. 


output buffer, Voc = 5 V, Ty = 25°C, process = typical 
FROM 

= on 

= 


AtPLH 


PARAMETER 


Propagation delay time, low-to-high output 
Propagation delay time, high-to-low output 


Minimum cycle time 


Maximum clook frequency 


T Derating does not apply to this parameter. 
NOTE 10: FO means fan out. 


ADVANCE INFORMATION concerns new products In the seed or 
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TPC1240 timing requirements over recommended operating conditions, no further derating required (see o~ 
Note 9) \ 


tap __Clock period 
Pulse duration 
(active pulse 


Flip-flop data inputs (A, B, D, J, K, S, or T) 
before CLK 


Flip-flop PRE or CLR (inactive) before CLK 


Flip-flop E before CLK 


Setup time 
Input buffer latch pad input 
Flip-flop data inputs (A, B, D, J, K, S, or T) 
after CLK 


| Flip-flop E after CLK 
Hold time Latch data inputs (A, B, D, or S) after G 
Latch EafterG © 


Input buffer latch pad input after G 
Output buffer latch D after G | i 


NOTE 9: Data applies to macros based on the sequential module (S Module). Timing parameters for sequential macros constructed from 
combinatorial modules (C Module) can be obtained from the TI-ALS timer utility. | 


TPC1240 switching characteristics 
propagation delays, Vcc = 5 V, Ty = 25°C, process = typical (see Note 10) 


PARAMETER 


Single module 
Single module 


Dual module 


s 
Q. 


Dual module 
CLK toQ 
CLK to Q | Typical net 
G to Q Critical net 
G to Q Typical net 
PRE or CLR toQ 
PRE or CLR to Q Typical net 
NOTE 10: FO means fan out. 


a ee ee 
ee ee ee 
ee 
a ee ee 
ee a Ce 
en ae 
a ae 
ae 
eS ee aoe 
a ee 
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TPC1240 switching characteristics (continued) 


Input buffer, Vcc = 5 V, Ty = 25°C, process = typical (see Note 10) 


FROM TO 
PARAMETER (INPUT) (OUTPUT) 


NOTE 10: FO means fan out. 
output buffer, Vcc = 5 V, Ty = 25°C, process = typical 


FROM 
PARAMETER (INPUT) 


ao 
| PLZ 


TO 
(OUTPUT) 


. 


t Derating does not apply to this parameter. 
NOTE 10: FO means fan out. 
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TPC1240-1 timing requirements over recommended operating conditions, no further derating required (see 
Note 9) 


folock Clock frequency | Flip-flop | 

tp__Clockporod [Fey 
Flip-flop CLK 

Flip-flop PRE or CLR 


Pulse duration 
(active pulse) 


Latch PRE or CLR 


Flip-flop data inputs (A, B, D, J, K, S, or T) | 
before CLK 


ae 

ae 

ae 

aed 

ir ee 

Flp-Top PRE or GLA (racive) bole CLK [1 
Faetiep Ebotore UK 
Setup time Latch data inputs (A, B, D, or S) before G = 2a 
[Latch PRE or CLR (nactve) before @ 1 
lLatchEbeforeG 
p-25 

| 04 

po 

po 

ee ree 

| 2 

ee eee 


Output buffer latch D before G : 


tsu 
Input buffer latch pad input 
Flip-flop data inputs (A, B, D, J, K, S, or T) 
before CLK 
Flip-flop E after CLK 
th Hold time Latch data inputs (A, B, D, or S) after G 
Latch E after G 


Input buffer latch pad input after G 
Output buffer latch D after G 


NOTE 9: Data applies to macros based on the sequential module (S Module). Timing parameters for sequential macros constructed from 
combinatorial modules (C Module) can be obtained from the TI-ALS timer utility. 


TPC1240-1 switching characteristics 
propagation delays, Vcc = 5 V, Ty = 25°C, process = typical (see Note 10) 


OUTPUT 


Se 
(arkea [eatin [88 
ST 
es oOo [as 
a 
ra nent | 88 
—— ae 


PRE or CLR to Q Typical net 


NOTE 10: FO means fan out. 
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TPC1240-1 switching characteristics (continued) 


input buffer, Vcc = 5 V, Ty = 25°C, process = typical (see Note 10) 


NOTE 10: FO means fan out. 
output buffer, Vcc = 5 V, Ty = 25°C, process = typical 


FROM TO 
PARAMETER (INPUT) (OUTPUT) 


sc 


Maximum clook frequency 


t Derating does not apply to this parameter. 
NOTE 10: FO means fan out. 
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TPC1280 timing requirements over recommended operating conditions, no further derating required (see 
Note 9) 


idock Clock frequency | Fiplop es 1) 
Flip op OLR SS Oe 
Flip-lop PRE or OLR iS Se a 
tach SSCS] Cid rd 


Latch PRE or CLR 


as al (eee a eee 
Flip-flop data inputs (A, B, D, J, K, S, or T) 
before CLK 
Flip-flop PRE or CLR (inactive) before CLK a ee eee eee eee 


Pulse duration 
(active pulse) 


tw 


[Fipfop Ebook ——SCSC~sSSCd tid 
tou Setuptime _—‘[ Latch data inputs (A, B/D, orS)bofowG | oa | 05-1 
[Latch PRE or GLR (inactive)before@ «dst «dT ts —~«d Si 
[Latch Eber SSCS SC Cd 


Input buffer latch pad input 
| Output buffer latch D before G 


25 
| 04 
Flip-flop data inputs (A, B, D, J, K, S, or T) _* | 
after CLK 
[FlipflopEafterCLK TO 
th Holdtime == [Latch data inputs (A,B,D,orS)afterS | OS 
latchEaterS SS SCSC~C~‘iRCSC‘ SSCS” 
i fee eal 
Oe 


Input buffer latch pad input after G 
Output buffer latch D after G 


NOTE 9: Data applies to macros based on the sequential module (S Module). Timing parameters for sequential macros constructed from 
combinatorial modules (C Module) can be obtained from the TI-ALS timer utility. 


TPC1280 switching characteristics 
propagation delays, Vcc = 5 V, Ty = 25°C, process = typical (see Note 10) 


OUTPUT 
Single module Typical net 


Dual module Typical net 
CLK to Q Typical net 


Single module Critical net 
Dual module Critical net 


NOTE 10: FO means fan out. 


“TEXAS Wy 
INSTRUMENTS 


16 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 


—_ 


\ : : / 
Nic” 


TPC12 SERIES 
CMOS FIELD-PROGRAMMABLE GATE ARRAYS 


SRFS002C — D3963, DECEMBER 1991 — REVISED FEBRUARY 1993 


TPC1280 switching characteristics (continued) 


input buffer, Vcc = 5 V, Ty = 25°C, process = typical (see Note 10) 


FROM TO 
PARAMETER (INPUT) (OUTPUT) 


NOTE 10: FO means fan out. 
output buffer, Vcc = 5 V, Ty = 25°C, process = typical 


7 FROM TO TEST 
PARAMETER (INPUT) (OUTPUT) CONDITIONS CMOS LOADS 


ern S| 


t 
. 


marae 


PARAMETER DESCRIPTION | FO=32 | FO=128 | FO=384 | UNIT 


“tein | Propagation delay tmo, lowto-high ouput | a1 | toa_| 123 | ne 
[——trr,_____| Propagation delay timo, ightolow output | af toz | 125 | rs 
[—twirnin [Pulse duration, high minimum ——=S~idSSCi CT Cd 
[—twimin [Pulse duration, tow, minimum ‘| 4 {48 | 8 | rs 
[texemax | Maximumskow SSCS Cd 
rcuoxyt | Setup time, oxternalnputlatch Sid SCO dT SCtCids 
—tnjoxy’ [Hold time, externalinputiatch Sid SC i ded 
[716 = Minimum eyclotime————SSSSCSC~C~SCS YO 

ee 


T Derating does not apply to this parameter. 
NOTE 10: FO means fan out. 
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TPC1280-1 timing requirements over recommended operating conditions, no further derating required (see 
Note 9) 


eck Clock frequency [Fipfop SSCS SSSSCtY Ci 


Flip-flop data inputs (A, B, D, J, K, S, or T) 


Pulse duration 


t 
i (active pulse) 


Output buffer latch D before G 


Flip-flop data inputs (A, B, D, J, K, S, or T) 
after CLK 
th Hold time 


tsu i 
Input buffer latch pad input 
h , 


ee hee 

es 

[a as 

ee Cs 
ee 
[Fip-fop PRE or OLR (racive) before LK 1 +| 48 + 2 
FipfopE beter ok ———SSCSC~i Sd Cd 
Setuptime [Latch dataimputs (A,B D,orSbeloeG@ «if oat os) 
[Latch PRE or GLR (inactive) before [4 —~+it 48 if 
[Latch Eber SCSC~CS Cd CC 

ee 

a 

eae ea aE 

ne 

es Se ee 

Ce ee 

a ee ee ee 


Input buffer latch pad input after G 
Output buffer latch D after G 


NOTE 9: Data applies to macros based on the sequential module (S Module). Timing parameters for sequential macros constructed from 
combinatorial modules (C Module) can be obtained from the TI-ALS timer utility. 


TPC1280-1 switching characteristics 
propagation delays, Vcc = 5 V, Ty = 25°C, process = typical (see Note 10) 


OUTPUT 


Single module 
Single module 
Dual module 
Dual module 


zy 


PRE or CLR to Q 
PRE or CLR to Q 


NOTE 10: FO means fan out. 
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C TPC1280-1 switching characteristics (continued) 
a Input buffer, Vcc = 5 V, Ty = 25°C, process = typical (see Note 10) 


| etm [on 
ee [oe EE 
es 
6A 
| 9 


t 


NOTE 10: FO means fan out. 


output buffer, Vcc = 5 V, Ty = 25°C, process = typical 


= 
—— 
=a 
= 


aor eae 


UNIT 
ulse duration, high, minimum 
ulse duration, low, minimum 


MHz 


Tt Derating does not apply to this parameter. 
NOTE 10: FO means fan out. 
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PARAMETER MEASUREMENT INFORMATION “~~ 
te ; 
AC test loads 
From Output Vcc —O | O— GND 
Under Test | | 
lal R=1kQ 
1 R to Vcc for tp_z and tp7z._ 
= R to GND for t andt 
From Output one — 
LOAD CIRCUIT 1 Under Test 
Used to measure propagation delay T 50 pF 
LOAD CIRCUIT 2 


Used to measure rising/falling edges 


output buffer delays 


Figure 5. Symbols, Test Loads, and Waveforms 
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PARAMETER MEASUREMENT INFORMATION 


input buffer delays module delays 


0 gee 7 rie Voc 
S, A, or B 50% 50% 
| | 
| 


| GND 
tpLH +> i 
cc 
In-Phase 
Output 


| | Vec 
Out-of-Phase | | 50% 50% 
: Output | | ay ees 
NOTE: Measurements made with t, = t¢ = 3 ns to pads only. GND 


D-type flip-flop and clock delays 


Voc D Q 
a 50% 50% 50% ork 
| al 


D FLIP-FLOP SHOWING POSITIVE-EDGE TRIGGERED CLOCK 


Figure 5. Symbols, Test Loads, and Waveforms (continued) 
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power dissipation 
To calculate power consumption, the total device power is broken into two components. These components are: 
® Static or nonswitching power | 


@ Active or switching power 


Site (loc ss iia) ‘ Voo| + (lo. x Yo. x N) + lon x (Yoo - Vou) <M] 
Where: 


loc = current flowing when no inputs or outputs are changing 
lactive = current flowing due to CMOS switching 
lo, lon = TTL sink/source currents 
VoL, VoH = TTL level output voltages 
_ N=number of outputs driving TTL loads to Vo. 
M = number of outputs driving TTL loads to Voy 


An accurate determination of N and M is problematical because their values depend on the design and on the 
system I/O. The power can be divided into two components: static and active. 


static power 


Static power dissipation is typically a small component of the overall power. From the values provided in the 
electrical specifications, the maximum static power (commercial) dissipation is: 


Static power = 10 MA x 5.25 V = 52.5 mW 


The static power dissipated by TTL loads depends on the number of outputs that drive high or low and the DC 
lead current flowing. Again, this number is typically small. For instance, a 32-bit bus driving TTL loads will 
generate 42 mW with all outputs driving low or 140 mW with all outputs driving high. The actual dissipation will 
average somewhere between as I/Os switch states with time. 


active power | 


The active power component in CMOS devices is frequency dependent and depends on the user’s logic and 
the external I/O. Active power dissipation results from charging internal chip capacitance such as that 
associated with the interconnect, unprogrammed antifuses, module inputs, and module outputs plus external 
capacitance due to PC board traces and load device inputs. An additional component of active power dissipation 
is due to totem-pole current in CMOS transistor pairs. The net effect can be associated with an equivalent 
capacitance that can be combined with frequency and voltage to represent active power dissipation. 


equivalent capacitance 


The active power dissipated by a CMOS circuit can be expressed by Equation 1. 


Active power (uW) = CEeg x Voc e x f (1) 
Where 
Ceq = equivalent capacitance in pF 
Vcc = power supply voltage in volts 


switching frequency in MHz 
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equivalent capacitance (continued) 


Equivalent capacitance is calculated by measuring lactive at a specified frequency and voltage for each circuit 
component of interest. The results for TPC12 devices are: 


CEQ (pF) 
Modules 7.7 
Input buffers 18.0 
Output buffers 25.0 
Clock buffer loads 2.5 


To calculate the average active power that is dissipated from the complete design, you must solve Equation 1 
for each component. In order to do this, you must know the switching frequency of each part of the logic circuit. 
The exact equation is piece-wise linear summation over all components, as shown in Equation 2. 


Active power = }(n x 7.7 X fy) + (m x 18.0 x fo| + (p x (25.0 + C) x ts] + (q x 2.5 x 1)| x i (2) 
Where: 
n = number of logic modules switching at frequency f, 
m = number of input buffers switching at frequency fo 
Dp = number of output buffers switching at frequency fs 
q = number of clock loads on the global clock network 
f = frequency of global clock 
fy = average logic module switching rate in MHz 
fo = average input buffer switching rate in MHz 
fg = average output buffer switching rate in MHz 
Ci = output load capacitance 


determining average switching frequency 


In order to determine the switching frequency for a design, you must have a detailed understanding of the data 
input values to the circuit. The following rules will help you to determine average switching frequency in logic 
circuits. These rules are meant to represent worst case scenarios so that they can be generally used for 
predicting the upper limits of power dissipation. These rules are as follows: 


Module utilization = 80% of combinatorial modules 
Average module frequency = f/10 

1/3 of I/Os are inputs 

Average input frequency = f/5 

2/3 of I/Os are outputs 

Average output frequency = f/10 

Clock Net 1 loading = 40% of sequential modules 
Clock Net 1 frequency =f 

Clock Net 2 loading = 40% of sequential modules 
Clock Net 2 frequency = f/2 
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estimated power 


The results of estimating active power based on the preceeding rules are displayed in Figure 6. The graphs 
provide a simple guideline for estimating power. The tables may be interpolated when your application has 
different resource utilizations or frequencies. 


24920 
! Niall 


A a 4 a cn Ve 
RS tH A ot 
ts — = ae 


Watts 


0.1 


im 
iN 


WNC 


ad 
ya 
Lue 
coe 
ae 
aes 
eee 


EZ 
| 
a 
ine 


“LINAS 


MHz 


Figure 6. TPC12 Serles Power Estimates 


ESD rating 


ESD characterization of Texas Instruments FPGAs is performed in accordance with MIL-STD 883C, Method 
3015. This calls out the human body model which included discharging a 10-pF capacitor through a 1.5-kQ 
resistor. Three positive and three negative pulses are discharged into each pin at each voltage level. After 
pulsing, the units are tested on a VLSI tester. Testing is performed for initial device qualification and product 
redesign only. All devices have been designed for ESD protection. 


‘TEXAS 4 
INSTRUMENTS 


24 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 


C 


TPC12 SERIES 
CMOS FIELD-PROGRAMMABLE GATE ARRAYS 


SRFS002C — D3963, DECEMBER 1991 — REVISED FEBRUARY 1993 
package thermal characteristics 


The device junction to case thermal characteristic is Rajo and the junction to ambient air characteristic is Raya. 
The thermal characteristics for Raya are shown with two different air-flow rates. Maximum junction temperature 
is 150°C. However, a maximum junction temperature of 140°C is recommended for continuous operation. A 
sample calculation of the maximum power dissipation for a CPGA 176-pin package at commercial temperature 
in still air is as follows: 


Max. junction temp. (°C) ~ Max. commercial temp. (°C) __150°C— 70°C _ 4 w 
Rega (°C/W) 7 20°C/W 


ReJA ReJA 
ee eee 133 5 15 
ese Pin Grid Array 160 7 28 oC /W 
( ) 176/177 2 8 
Plastic Quad Flat Package 100 10 38 °C/W 
144 28 
ee a 


Package Case Alr Flow 


Device Junction 
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TPC1225A device avallability and resources 


Commercial 


PACKAGE LOGIC SPEED GRADE 
co | - GATES USER I/Os = 
TYPE MODULES 


_ =. | 
"i r/c cad cage aR mac Sst Aaee Reees seine 


100-pin PQFP a: ee 


industrial 


P [oaic 
ACKAGE GATES USER I/Os EED GRADE 
TYPE MODULES a 


100-pin POFP Lat T2500 tS 


R = released , | 
P = planned, consult your local TI! sales representative for current availability. 


TPC1240 device availability and resources 


Commercial 


PA 0 
CKAGE LOGIC GATES USER I/Os SPEED GRADE 
TYPE MODULES ee 
135,59 OPGA ee 
= 684 4000 
Taig POPP a a] i ae Te ZA 


Industrial 


PACKAGE [SPEED GRADE 

LOGIC GATES USER I/Os SPEED GRADE 
TYPE MODULES Ee 

iBe-pin OPGA re 
: 684 4000 

Tae pin POFP eS 

Military 


PACKAGE LoGic [SPEED GRADE 
GATES USER I/Os tobe dna 
TYPE MODULES a a 


133-pin CPGA 4000 a ae 


R = reloased 
P = planned, consult your local TI sales representative for current availability. 
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C TPC1280 device availability and resources 


Commercial | 


PACKAGE LOGIC GATES USER /Os SPEED GRADE 
TYPE MODULES 


160-pin POFP 
176-pin CPGA 8000 
industrial 
PACKAGE LOGIC pace ae 
3s 
TYPE MODULES 
176-pin CPGA : 
8000 
177-pin CPGA 
Military 
PACKAGE LOGIC 
GATES USER I/Os 
TYPE MODULES es 
172:pin COFP ar a a 
8000 
177-pin OPGA [TR | P 


R = released | 
P = planned, consult your local T| sales representative for current availability. 
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ordering Information 


Various configurations of the TPC12 Series devices can be orderd using the part numbers in the examples 
below. Commercial and industrial versions can be ordered as follows: 


EXAMPLE ——— TPC 1280 A GB-176C 1 


PREFIX er 


DEVICE TYPE 
1280 = 8000 Equivalent Gates 
1240 = 4000 Equivalent Gates 
1225 = 2500 Equivalent Gates 


SPEED GRADE (optional). 


TEMPERATURE RANGE 
C= 0°C to 70°C 
| = — 40°C to 85°C 


DEVICE PINS 
84 = 84 pins (TPC1225A only) 
100 = 100 pins (TPC1225A only) 
133 = 133 pins (TPC1240 only) 
144 = 144 pins (TPC1240 only) 
160 = 160 pins (TPC1280 only) 
176 = 176 pins (TPC1280 only) 


DEVICE REVISION 177 = 177 pins (TPC1280 only) 


A = TI 1.0-um CMOS Technology 


(TPC1225A only) PACKAGE TYPE 
GB = Ceramic pin grid array 
VE = Plastic quad flat package 
VB = Plastic quad flat package 
(160-pin package only) 
FN = Plastic leaded chip carrier 


Military versions can be ordered as follows: 


EXAMPLE —— TPC 1280 M GB 177 B-.1 


PREFIX es SPEED GRADE (optional) 
Class B processing 
Blank = Commercial Processing 
: DEVICE PINS 


DEVICE TYPE | 
1280 = 8000 Equivalent Gates 133 = 133 pins (TPC1240 only) 
1240 = 4000 Equivalent Gates 172 = 172 pins (TPC1280 only) 

176 = 176 pins (TPC1280 only) 
177 = 177 pins (TPC1280 only) 


PACKAGE TYPE 
GB = Ceramic pin grid array package 
HFG = Ceramic quad flat package with 
nonconductive tie bar 


TEMPERATURE RANGE 
M = — 58°C to 126°C 


DEFENSE ELECTRONIC SYSTEM CENTER (DESC) NUMBER 


AVAILABLE DESC 
DEVICE NAME PROCESSING NUMBER 
TPC1240M Class B To be determined 
TPC1280M Class B 5962-9215601M 
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MACRO LIBRARY 


overview 


This section describes TPC12 Series macros, which are building blocks for designing ‘with TI field 
programmable gate arrays (FPGAs) with the Texas Instruments Action Logic System (TI-ALS) and your 
Computer Aided Engineering (CAE) interface. _ 
The macros are divided into five categories: I/O macros, combinable hard marcos, uncombinable hard macros, 
soft macros, and TTL macros. 


equation statement elements 


combinational elements 
All equations for combinational logic elements use the following operators: 


OPERATOR SYMBOL 


See Note 11 


NOTES: 11. Aspace between the ’A’ and ’B’ in the equation Y = AB 
means A AND B. 
12. Order of operators in decreasing precedence is: NOT, 


AND, XOR and OR, 
13. Signals expressed in bold have a dual module delay. 


sequential elements 
All equations for sequential logic elements use the following formula: 


Q = <!> (<!> CLK or G, <data equation>, <!> CLR, <!> PRE) 


<!> optional inversion 

CLK flip-flop clock pin 

G latch gate pin 

CLR asynchronous Clear pin 
PRE asynchronous preset pin 


/O hard macros 


MACRO NAME NO. OF MODULE(S) 
CLOOK 


DESCRIPTION 


OLKBUF J rt fr dedicated clock network 


Output with output latch 
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1/O firm macros 


[_onh |__|‘ Ompatwithregister SSCS 
a 
[orm | __1___[estato inverted output wih ogiter SSCS 
[ont | 1 _[estato ouputwinreghter———SSSSCSCSCSCSCSCSCSCSCSCSCS~“CS~S~S~S 
a a 


combinable hard macros 
DF1, DF1B, DFC1B, DFC1D, DL1, DL1B, DLC, and DLCA 


FUNCTION 
AND 


AND-OR 


AND-OR-Invert 


NO. OF MODULE(S) 


EQUATION(S 
‘s) SEQUENTIAL | COMBINATIONAL 


Y=AB 


=1AB teeta 
=1A 1B eee! 


=IA IBC 


= (IA IB) +C 
Y = I((IA IB) + IC) 


<| ~<| <| <|} <] <| <] <| <| <| « 
teu I 
>| >| > > = 
® 2 
& 
+ 
o) 


aes 
[BUFA__|¥=Wa) ae! 
: ae 
ae 
[enone |V¥=A+G) —— 
GOR2 ae 
anes 


Buffers and 


Inverters 


~< 
i 
> 
+ 
G) 


< 
iil 
> 
G 
+ 
w 
aL 


Y = I(!A B) 

Y = K(!A IB) 

Y = |(!A IB IC) 

Y = (A+B) 

Y = (1A +B) 

Y = I(!A + IB) 
Y=\(1A+B+C) | 


2-input NAND 
NAND NAND2B 
3-input NAND NAND3C 


Se ool NORSA 


OR-AND — 


Zz 
O 
me 
i) 
> 


< 
fl 
> 
+ 
Ae 
i?) 


< 
ll 
> 
+ 
© 


< 
it 
> 
+ 
oO 
+ 
OQ 
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AO1 = 
[AOI [Y= (AB) + (10) 
Y= (A)B) + (10) 

AO1E Y = (IAIB) + IC 
=(AB)+C+D) 
[AO2A [Y= (((AB) + C+D) 

AND-OR Y = (IAIB) + C+D 

Y = (IAB) + IC + D 

03 = ( 

= 
) 
) 


[AND-OR eS BS RAC ECKOESCCS 
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combinable hard macros (continued) 
DF1, DF1B, DFC1B, DFC1D, DL1, and DL1B 


MACRO NO. OF MODULE(S) 
10 ESCRIPTION EQUATION(S 
peereeaT NAME ay SEQUENTIAL | COMBINATIONAL 


A0T 
[Aon 


<|< 
>i>- 
wo] > 
+12 
S| + 
P10 
= 
~ 


nor [Y¥=AB+(A+8) 0) 


< 
> 
w 


Y = (IAIB) + IC + D 
Y=(ABO)+D 
¥= (AIBC) + 
AO3C Y = (IAIBIC) + D 
AO4A Y = (IABC) + (AC D) 
[AOSA [Y= (AB) +(AC)+D 
A 
+ 


AOA (IA B) + C) 
AONB ((A B) + IC) 


AND-OR-Invert 


Y= 
[_AonB [Y= 
AOHC Y = |((IA IB) + C) 
AOI2A Y = (AB) + C+D) 
AOISA Y = |((!A IB IC) + (1A !D)) 
Exclusive OR AND-XOR AX1B Y = (IA IB) *C 
Y = (A+ S) B) C + ((A+ S) B) D 
Boolean Y = Ai B1 + (A0+B0) Al + 
mee (A0+B0) Bt 
Y = (DO ISO IG) + (D1 IG SO) + 
(b2 G80) (ba s0G 


) 

IAB 

GNAND2 | Y= \(AG) 

GXOR2 
A 1s) 


Clock Net Interface 


MX2A Y = (IA IS) + (BS) 
MX2B 
Y = (IA IS) + (IB S) 


are Y = (D0 ISO IS1) + (D1 SO IS1) + 
Seven (D2 ISO S1) + (D3 SO S1) 


2:1 Multiplexers 


Multiplexer 
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combinable hard macros (continued) 
DF1, DF1B, DFC1B, DFC1D, DL1, and DL1B (continued) 


MACRO NO. OF MODULE(S) 
FUNCTION DESCRIPTION EQUATION(S 


Z-nput NAND NAND2 
NANDSA 
NANDSE 
Y= 
Y= 


3-input NAND 
NAND 


NANDAC 
NANDAD 
NORGE 
Y 
Y 


4-input NAND 


NOR3C = I(!A + IB + IC) 
NOR4A = I(1A+B+C+D) 
NOR4B Y= \(1A+ IB+ C+D) 


4-input NOR 


OATA 
OATB 
OAIC 
OBA 
On [Y¥=(A+B+O)D 
OAAA 
( ) 
( 


OA2 

O 
OR-AND fiat 
OA3 


<| ~< 
sie 
+17 
Olow 
+ |[— 
Ko) Ke) 
e] A 


: 
Y=\(A+B)C) 
Y 


OAIt1 


OR-AND-Invert OAI2ZA ((A + B + C) ID) 


OAI3A = \((A + B) !C ID) 
ORSA IAA+B+C 


~< 
> 
+ 
w 
+ 
©) 
+ 
oO 


4-input OR 


A 
A 
XO 
O 


4 
5 
Y 
Y 
Y 
OR4A Y=1A+B+C+D 
R 
1 Y 
Y 
1 


OR3B =!A+!IB+C 


[—xon_[V=a"B SS 
XOR, XOR-OR 
Exclusive 
OR 
XNOR, XOR-AND 
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non-combinable hard macros 


FUNCTION DESCRIPTION 


4-input AND 


5-input AND 


4-input OR 


3-input NAND 


4-input NAND 


5-input NAND 


4-input NOR 


Exclusive OR AND-XOR 


= 
es 


AND-OR 


AND-OR-Invert 


OR-AND 
OR-AND- 


3 
< 
1) 
a+ 


MACRO 
NAME 
AND4 
AND4A 
AND4D 
AND5B 
OR2B 
OR3C 
OR4B 
OR4C 
OR4D 
OR5B 
NAND3 


NAND4A 
NAND4B 
NAND5C 


NOR4C 
NOR4D 
NORS5C 
AX1 
AX1A 
AX1C 


~ AOZE 
AOSA 


AO6A 
AOQ7 
AO8 
AO9 
AOI1 
AOI2B 
AO|4 
AOI4A 


OA3B 
OAI3 


EQUATION(S) 


Y= 


~< 
> 
wo 
+ 

©) 
Oo 


Y = ((IA +B) IC D) 


Y = ((A +B) CD) 
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NO. OF MODULE(S) 


SEQUENTIAL 


COMBINATIONAL 


2 


2 
2 
2 
1 
1 


3 
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non-combinable hard macros (continued) 


= MACRO | NO. OF MODULE(S) 
UATION(S 
ec be Pence ver ib NAME papas SEQUENTIAL | COMBINATIONAL 


CO-AB 
| CO-IAB 
oe HATA |S =(A*B) | 
or 
: Seeger Wain |CO=5AB) 
S = (AB) 
CO= NAB) 
HAIG |S = (AB) 
CO = (CI IB IA) + (A IB) + (BCIA) 
Adders FAIA =. | S = (BIA ICl) + (CO IACI) + 
(CO A ICl) + (BAC!) 
CO = IA(IB + B Cl) + A(IB Cl) 
Full adders FAB. —- | S= IA(ICICO +. CIB) + 
A(ICI B + CI. CO) 
CO = (Cl IB KAO+Al)) + 
(1B (A0+A1)) + (BCI (A0+A1)) 
FA2ZA = | S = (B (A0+A1) ICI) + (CO (A0+Al) 
Cl) + (CO(A0+A1) ICl) + 
(B(A0+A1)CI) | 


CS1 Y=!1(A+SB)C+D(A+SB 
DF1 Q = (CLK, D,-,— 


CY2A |Y=A1B1+A0B0A1 + AO BO B1 
pass DF1A | QN=\KCLK, D,-,- 
i 
DFIC | QN=\(ICLK, D,-,- 
DFOt i 
DFOIA [Q=(CLKD.CLR-) id 
| DFO1B 
Omspe WN Set BFOID 
DFC1E |QN=|CLK, D, ICLR,—-) 
DFC1G |QN=((ICLK,D,ICLR,-) _ 
DFE 


DFEIB. |Q=(CLK, 1ED+EQ,-—,— 


DFETO 
DFESA 
DFESB 
= :-) 
=) 


D-type with 
enable 


'?) 


DFE3C | Q=(CLK, D IE+ QE, ICLR 
DFE3D | Q-=(ICLK, DIE+QE, ICLR 
DFEA | Q=(ICLK, IEQ+ED,-, 


Y = (DO (S00 S01) + D1(S00 S01) 
Logic module CMs (S10 + $11) + (D2 (S00 $01) + 
. D3(S00 $01) (S10 + S11) 
momen wa | Y= (ISt (ISOA D0) + (SOA D1)) + 
(S1 (ISOB D2 + SOB D3) 


MXC1 [Y=\(ISA+SB)C+(ISA+SB)D 


/ 
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non-combinable hard macros (continued) 


MACRO NO. OF MODULE(S) 
Tl UATION(S 
Pete Berens ree NAME sealable SEQUENTIAL | COMBINATIONAL 


DFM Q= (CLK, AIS+BS,-,— 


DFM1B_ | QN=|(CLK, AIS+BS, —,— a 
DFM1C. |QN=((ICLK, AIS+BS,-,— . f. 4 


) 
Q = (CLK, A'S +BS, CLR, -) 

DFM3B_ ‘| Q=(ICLK, A IS+BS, ICLR, -) 

DFM3E | Q=(ICLK, A IS+BS, CLR, -) 


DFM4C QN = K(ICLK, IA IS + IB S, -, IPRE) 


QN = (ICLK, AIS +B S, -, IPRE) 


Q = (CLK, (D0 180 181+ D1 S0 IS1+ 
sada D2 ISO S1 + D8 $0 $1), ICLR, -) Co 


pope wir Q = (ICLK, (DO 1S0 IS1 + 


DFM6B D1 SO IS1 + D2 ISO S14 
D3 SO $1), ICLR, -) 


Q = (CLK, (0 ISO + D1 SO) 
DFM7A (S10 + S11) + (D2 ISO + D3 SO) 
(S10 + $11), ICLR, -) 


Q = (ICLK, (DO ISO + D1 SO) 
DFM7B (S10 + S11) + (D2 ISO +D3 SO) 
(S10 + S11), ICLR, -) 


DMA 
DMB 
DFME1A | Q=(CLK, IEAIS+IEBS+EQ,-,-) 
DFP i 
DFPTA 
DFPIE 
DFP1C  |QN=\(CLK, D, -, PRE) 


QN = (CLK, D, -, IPRE) ae ae 
DFPIF | Q-=(ICLK, D, -, PRE) Pak Sea 
aa Sees 


multiplexed data 


Flip-Flops _ 
(continued) 


D-type flip-flops 
with preset 


D-type flip-flops w/ 
clear and preset 


QN = KICLK, D, -, IPRE) 
DFPC Q = (CLK, D, CLR, PRE) 


DFPCA Q = (ICLK, D, CLR, PRE) 


JKF Q = (CLK, 1|QJ+QK,-, — 
JKFIB | Q=(ICLK, |QJ+QK,-,— 


IKFZA 
IKFZB 
IKF2C 
= ; ~) 
= ) 


J-K flip-flops 


| JKF2D  |Q=(ICLK, lQJ+ OK, CLR, — 
ee TFIA. |Q=(CLK,T1Q+17Q, ICLR,— 
i a TFiB Q=(ICLK, T !Q+ IT Q, CLR, -) 
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non-combinable hard macros (continued) 


} MACRO NO. OF MODULE(S) 
N DESCRIPTION EQUATION(S . 
sae | DESCRIPTION NAME i SEQUENTIAL | COMBINATIONAL 


DL Q= (G, D, me teas 
DL1A QN = \(G, D,-,— 
D-type latch \ 


DLiB Q= (IG, D 


DL1C QN = I(!IG, D, an ya 


DLC Q=(G,D, ICLR,-) 
DLC1 Q= (G, D, CLR, —) 
e 
With clear DLCIA Q = (!G, D, CLR, —) 
D, CLR, ~) 
. ’ ’ ’ ~~) 
= 


DLCIF [QN=\(G,D,CLR 
DLCIG. |QN=K(IG,D,CLR 
DLCA Q = (IG, D, ICLR 


DLE 
DLE1D QN = I(!G, IE ID + E ON, -, — 
DLEZB 
DLEZC 
With enable DLESB 
= (IG, 
Data Latch 


DLE3C Q = (IG, IE D+ QE, -, IPRE) 


DLEA Q=(G,QE+DIE,-,- 


DLEB Q = (IG, QIE+DE,-,-) 


DLEC [Q=(IG,QE+DIE,-,- 


DLM Q=(G,A!IS+BS,-,- 

| Q = (G, DO ISO IS1 + D1 SO IS1 + 
said D2 ISO $1 + D3 $0 $1, -, --) 

Q = (IG, DO ISO IS1 + D1 SO IS1 + 
D2 ISO S1 + D3 SO S1, -, — 

Q = (G, (DO !S0 + D1 SO) 

DLM4 (S10 + S11) + (D2 ISO + D3 So) 

(S10 + $11),-,— _ 
Q = (IG, (DO ISO + D1 SO) 

DLM4A (S10 + $11) + (D2 (SO + D3 SO) 
(S10+S11),-,-) _ 

Q=(IG, AIS+BS,-,- 


DLM3A 


With multiplexed 


data 


DLMA 
With multiplexed | 
DLP1 
DLP1A 
DLP1B 
DLP1C 


DLP1D 
DLP1E 


Clock Net Interface CLKINT 
Tie-Off 
GND 


Q=(IG, AIS IE+BSIE+EQ,-,- 


Q = (G, D,-, PRE) 

Q = (IG, D, —, PRE) 

Q =(G, D, -, IPRE) 

Q = (IG, D, -, IPRE) 
N = \(G, D, -, IPRE) 
N =I(IG, D, -, IPRE) 


With preset 


OD} O 


clock modules = 1 
modules = 0 
modules = 0 


< 
© 
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DESCRIPTION enor side 
NAME | LEVELS COMBINATIONAL 
4-bit binary counter with load, clear CNT4A 
4-bit binary counter with load, clear, carry in, carry out | CNT4B 
Fast 16-bit down counter, parallel loadable FCTD16C 
Fast 8-bit down counter, parallel loadable FCTD8A 
Fast 8-bit down counter, parallel loadable FCTD8B 1 


=e 
a ae 
Lowers 
a 
=e 
Fast 16-bit up counter, parallel loadable FCTUI6C | 2 | 
Ed 
Pod 
a 


soft macros 


FUNCTION 


Fast 8-bit up counter, parallel loadable FCTU8A 
Fast 8-bit up counter, parallel loadable FCTU8B 
4-bit up/down counter with load, carry in, and carry out | UDCNT4A 


Very fast 16-bit down counter, delay after load, VCTD16C 

registered control input 

2-bit down counter, prescaler, delay after load, use to 

build VCTD counters VETR2Cr ES 
2-bit down counter, upper bits, delay after load, use to 

build VCTD counters Me 


4-bit down counter, lower bits, delay after load, use to | 
build VCTD counters VCTD4CL 


4-bit down counter, middle bits, delay after load, use to 


Counters 


2-to-4 decoder DEC2xX4 


2-to-4 decoder with active low outputs DEC2X4A 1 oll 


ye) = —_ —h 


3-to-8 decoder DEcsxs | 1 | 
3-to-8 decoder with active low outputs DEC3X8A a ae 


4-to-16 decoder with active low outputs DEC4X16A 
2-to-4 decoder with enable DECE2X4 | 1 | 
2-to-4 decoder with enable and active low outputs DECE2Xx4A { 1 | 


-to-8 decoder with enable DECE3X8 


-to-8 decoder with enable and active low outputs 
Octal latch with clear 
Octal latch with enable 
Octal latch with multiplexed data 


eS 
aes 
ae 
ie 
Ee a ae 
ee 
ae Oe ee 
bit shift register with clear ISREG4A | 1 [| 4 | 
a 
| 3 | 
ae re 
aa, 
as 
Poe 
el 
Cee 


Decoders 


wo 
re 
? 


of oO] © 
NTN N 


Registers 


bit shift register with clear 
bit adder 
bit adder 
Adder Traore [4 
16-bit adder [FADDiG =| 5 | 
vabieo [3 
Twapoies | 1 


S 
< 
=~ 
8) 
2] 
- 
=k 
ni 
c. 
- 
© 
a. 
Oo. 
@ 
be 
2 
= 
> 
QO 
» 
ion 
< 
3 


= nlol fie? ere 
<|[slo|o 
~ ceri ee 
i] @ | 
2) 2) 2/2 
—h 

MO) ApPRys 
jE. 

> 

ph) 

Q. 

Qa 

® 

ben | 
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soft macros (continued) : a 


MACRO | LOGIC 
FUNCTION DESCRIPTION ide LOGI NO. OF MODULE(S) 

NAME | LEVELS | SEQUENTIAL | COMBINATIONAL 
4-bit identity comparator ICMP4 


8-bit identity comparator ICMP8. 
Comparators 2-bit magnitude comparator with enable MCMPC2 


a ae 
3 ce 
es end 
[abi magnitude comparator with enable |MOMPOa_|_4_| _ 
[eb magnitude comparatorwith enable ____|Momeca|_6 | —_ 
[etot multiplexer SSCS 
Multiplexer [6-101 muliploxer wih active low ouiputs ___[MX@A___]| 2 [___ 
a 0 
[e-bitby S-bt mutipier | smutts_[ 22 [| 


Multiplier 
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TTL macros 

NAME Levels 
a a 
SNM [NNN VE, CAN SARE Sa SRD 
a 
1 Se (aA SR AGA SGM ARMIES 
Fpl AND a SAR (ATR DARN aN 
AN I TN SMR NEE. TERNAL 
i 7. a TA A TAA PMN RPI 
inp NAND ae a i GAN BME 
input AND i a LAN SNR Sea 
2 a (ARI NRRL MRM! TARRSANNIAES GANAS. NMS! 
ES LI OTE RE. Ie 
a LE A LAAN aA aa 
a cE A A A 
a CS AC A Ae SNS NN SNE 
a a 
TAs [ede si ND-OR et 
a Ca A AR NT 
[Taree [40-8 decoder wih enable and acvo iw oagats [tr 
eS 
-TAts0 [Tet muliploce wth ace lov erable a 
TARE [6 naples wih erable eect gow cups [8 
OT A a SANT ce 
SC 
2-to-1 multiplexer with active low enable a ee ee ee ee 
Tate | 48 decade counter wih cee and bad aa 
Tate [onary cour wih dear end eed 8 a 
[tates [ese n poral out hit regi wth dear [1 J) 
a a A a A eV 
a 
TAIT | usp D-ypetipop wi dear a i 
Tata [Sn uptown decode commer wih udown node 
Tater | ot opidown binary courter wih updown meds | 
CM 
[Tatas [ot parall access ehitvegter a 
a a 
[rare [tal rogstor wih clear tf 
i Te a a Te SS LT TaN 
[1As77 [Ocal register wh atv low enable 
ES TET 
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HARD MACRO SYMBOLS 


AND2A AND2B 


AND2 ‘ - 
Y : Y . Y 

A 

B 


NAND2A NAND2B 


i NAND2 A 

: Y Y B — Y 

ra OR2 . ORZA ‘ OR2B 
Y 


: 
Y 


Module Count = 1 
Figure 7. 2-Input Gates 


AND3A 


= Da 


AND3B 
=: HP oe 


OU>r ODP OOP 


| || 
4 
4 
=] 
oO 
~< 
Ow> OOP, 


OOD 
| 
= 
Oo 
a) 
oO 


=< 
OOD 


Module Count = 1 


= Kol: +B DOWD le Kol: +B 
fe) z > 
y 3 J 
S = 

~< < * < 


eRe) B - 


AND4A 
=_> : 
NAND4A 
=_> 


UO > 


00 > 
z 
a) 
ea 
> 
~< 


NAND3A 
=|" 


Our OWLY 


NOR3A A NOR3B 
ae 


Figure 8. 3-Input Gates 


VOW > 


Rel B - 
: 
= 
oO 
o 
~< 


90> 


AND4B 
4 " 
NAND4B 
4p x 


eRe) B - 


0OW > 
z 

a 

A 

< F 


NAND3B 
=: De 


~< 
OWLD 

S 

@ 

< > 
OwpD> 
| 
=< 
ow 
~< 


Ow> 


NAND4C 
gp : 


00> 


0Ow > 
: 
8) 
rr 
?] 
<_ 


A 
B 

Cc 

A NAND3C 
B 

=: Da 


NOR3C 
=: De 


AND4D 
st?) — 
NAND4D 
4p . 


Rok 3 


00 > 
2 
=) 
& 
> 

~< 


A A A A A 
B B ts B = B ag B ae 
C Yc » ¢ : C * < : 
D D D D D 
Module Count = 1 (unless otherwise noted) 
(2) Indicates Module Count = 2 A Indicates extra delay input 
Figure 9. 4-Input Gates ‘ 
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eel eee 


AND5B 
Y 


Module Count = 1 
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A NORS5C A OR5B 
B B 
Cc Y Cc Y 
D D 
E E 


Figure 10. 5-Input Gates 


NAND5C 
Y 


moOoOwoLS 


A XOR A x01 A XA1 
Y 
B B B 
y Y 
iossiiaes > oar 
A XNOR A XO1A A XA1A 
Y 
B B B 
Y Y 
Cc Cc 
Module Count = 1 Module Count = 1 Module Count = 1 
Figure 11. XOR/XNOR Gates Figure 12. XOR-OR/XNOR-OR Figure 13. XOR-AND/ 
Gates XNOR-AND Gates 
A AX1 A AX1A A AX1B 
B B B 
Y Y Y 
Cc Cc Cc 
Module Count = 1 Module Count = 2 Module Count = 1 
A AX1C 
B 
Y 
C 
Module Count = 1 
Figure 14. AND-XOR/AND-XNOR Gates 
Ti %% 
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A AO1 
B 
Y 

Cc 
A AO1C 
B 

Y 
C 
A AO2 
B 
Cc Y 
D 


A 
AO02Cc 
B 
Cc sf 
D 


AO3 


OD > 


Module Count = 1 


42 


OD > 9o0O wD > 


OO > 
> 
fe 
© 
© 


Figure 15. AND-OR/AND-NOR Gates 
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AO1B 


OD > 


> 


AOE 


AOQ2B 


00 
~< 


AO2E 


0590 wD > 


. AO3B 


© 


Mee 
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A A A 
B AOG 
AO4A B 
Cc B AOS5A 
Y 
- c 
D D 
A A A 
AOG6A B AOQ7 AO8 
B Cc B 
Cc 
D Y : 
E —_—_— D 
Cc 
E 
D 
A 
m AO9 
B B 
c A010 
; Y 
E 
Y 
A AOH 
B 
AO11 
A Y 
Y Cc 
B 
Cc 
A A— 
BR AOHA B AONB 7 AONC 
Y Y 
Cc C Cc 
Module Count = 1 
Figure 14. AND-OR/AND-NOR Gates (Continued) 
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7 A A 

B AOND B AOI2A B AOI2B 

c Lf C Y ¢ Y 
D D 

. A A 

C AOISA B AO|4 B AOIMA 


. = 


MAJ3 


Module Count = 1 (unless otherwise noted) 
(2) indicates Module Count = 2 
A Indicates extra delay input 


Figure 14. AND-OR/AND-NOR Gates (Continued) 
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wD > 
oe) 
> 
= 


OA1C 


wo > 


wD > 
2) 
> 
@ 


00} 


OA4 


OD PDP 


OAI1 


wD > 


= Ow> 
~< 


OAISA 


ww > 


00 
~< 


Module Count = 1 
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A OA1A 


A OA3A 
B 


0 ©) 


OA4A 


Own> 


Figure 16. OR-AND/OR-NAND Gates 
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A OA1B 
B 
Y 

c 
A OA2A 
B 

Y 
c 
D 
A OA3B 
B 
Cc Y 
D 
A OAS 
B 
c 

Y 

D 
A OAI3 
B 
c Y 
D 
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Fr ae RINT ka ARETE aI ee SE Ra a SIE TP ee eA Tg Ne i Fe En A Se a DE FP ee 
BUF BUFA INV INVA CLKINT 
Po > L>o > Po 


Module Count = 1 


Figure 17. Buffers 


a 
INBUF 7 > Gr) 
' 
CLKBIBUF 
| Y “i 
CLKBUF 


1/O Module Count = 1 


Figure 18. I/O Buffers 
E 


: BBHS | 
OBHS TBHS > 
D >: [PAD o> >a 


Y 


1/(O Module Count = 1 


Figure 19. High-Slew Output Buffers 


PD ra 


I/O Module Coiunt = 1 


IBDL 


Figure 20. Input Buffer With Latch 
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IR 


= 


CLK 
I/O Module Coiunt = 1 


Figure 21. Input Buffer With Register 


BBDLHS E 


OBDLHS | TBDLHS E 


I/O Module Count = 1 


Figure 22. High-Slew Output Buffers With Latches 
ORH 


ORIH 
D | PAD D @ | PAD| 
e e 
CLK CLK 
ORTH E ORITH E 
D D S) > 
@ 


CLK CLK 


I/O Module Coiunt = 1 
Figure 23. Output Buffers With Registers 
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a a I Sa NE OE ONE A ae RT NS BO ey ET Ae ee ee a ae ae ea Ne ee ee ee ES a Ree REN 
Ss Ss Ss 
MX2 MX2A MX2B MX2C MX4 
A po —— 
A A A 

y Y y Yy D1 . 

B B B B D2 

D3 


Module Count = 1 


SOA S1 MXC1 
Cc 
DO 
Y 
MXT 
D1 = 
: A 
D2 Module Count = 1 
B 
D3 
S 
SOB 
Module Count = 2 Module Count = 2 
Figure 24. Multiplexers 
HA1 HA1A HA1B HA1C 
A OA A A 
B : B B | B 
co co cov cov 
Ss Ss Sv $s 
FATA FA1B FA2ZA 
OA A 
B B 
Oc cop ci con 
Ss Ss 
A A 


Module Count = 2 
& Indicates two logic module delay path 


Figure 25. Adders 
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CY2A CY2B 
B1 B1 
Al 
Y ie Y 
BO BO 
AO AQ 


Module Count = 1 


Figure 26. Boolean 
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D-TYPE LATCHES 


DL1 DL1A DL1B DL1C 


a 


Module Count = 1 


D-TYPE LATCHES WITH CLEAR 


DLC DLCA 


Module Count = 1 


D-TYPE LATCHES WITH PRESET 


Module Count = 1 


Figure 27. D-Type Latches 
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D-TYPE LATCHES WITH ENABLE 


DLE DLEA DLEB DLEC DLE1D 


DLE2B DLE2C 
D Q D Q 
OE UE 
OG OG 
CLR CLR 
@ 


Module Count = 1 


D-TYPE LATCHES WITH MULTIPLEXED INPUTS 


DLM DLMA DLME1A 

A @Q A Q A Q 
‘a B B B 
c iol 
Ss Ss YE 
G AG OG 


Module Count = 1 


Figure 24. D-Type Latches (Continued) 
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D-TYPE FLIP-FLOPS 
DF1 


D-TYPE FLIP-FLOPS WITH CLEAR 


pFc1 () pFciA (2) 


Module Count = 1 (unless otherwise noted) 
(2 Indicates Module Count = 2,(3) Indicates Module Count = 3 


Figure 28. D-Type Flip-Flops 
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DFE1C 


DFE1B 


Module Count = 1 (unless otherwise noted) 


€ Indicates Module Count = 2 


Figure 30. J-K Flip-Flops 
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TFIA 


Module Count = 1 
Figure 31. Toggle Flip-Flips 
DFMB DFM1B 


@ 
B A QN 
B 


DFM3E 


A Q 
B 
Ss 
CY CLK 
CLR 


DFME1A 


Module Count = 1 (unless otherwise noted) 
Indicates Module Count = 2 


Figure 32. Multiplexed-iInput Flip-Flops 
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7 GAND2 GNAND2 GOR2 GNOR2 
( A A A A 
Y Y Y Y 
G G G 
GXOR2 Sst 
A GMX4 
Y DO ——. 
SG D1 
y 
Module Count = 1 D2 


t> CLKBUF interface input Da 


Figure 33. Clock Buffer (CLKBUF) Interface 
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A a NG SS GZS SE NST a aT a OE ET 


package pin assignments 


a o + ¥* 2 5 
am a oO © a. ~” 
5} 2 $6 oS & 3 
g 6 2g ye g Q 
11109876 5 4 32 18483 82818079 7877 7675 
PL TELE LLL EL EE EELELEL ELE EL ELE LEE EE EL EL 
MODE 12 I 74 
13 73 
4c — 72 
15 — 74 
16 — 70 GND 
170 — 69 
18 68 
19 CO — 67 
20 — J 66 
1 665 Voc 
Vsy 22 — (TOP VIEW) > 64 Vpp 
Vec 23 ¢ — 63 VKs 
24 7 62 
25 (7 7 61 
26 7 60 
27 co ry 59 
r— 58 
oe eS — 57 
30 — 56 
31 Cc rr) 55 
32 6 — 54 
TOODUDTUOUTUUUOOOUU OOo o 
333435 36 3738 394041 424344 45 46 47 4849 5051 5253 
fone) oO a ° 
= = £ z = 
$6 o 3] 
je 
$2 g 
4 2 
> o 


NOTES: A. All pins marked GND are ground connections and must be connected to circuit ground. 

B. Vpp must be terminated to Voc except during programming. 

C. Vsy must be terminated to Vcc except during programming. 

D. VKs must be terminated to circuit ground except during programming. 

E. PRA and PRB, the diagnostic probe outputs, should remain open if not used as I/Os. 

F. MODE must be terminated to circuit ground except during programming or debugging.T 

G. SDI and DCLK should be terminated to circuit ground during normal operation if not used as I/Os.T 

H. Unused V/O pins are automatically designated by the Action Logic System as outputs and should remain 
unconnected. Unused I/O pins are driven low by design. 

|. All unidentified pins on the pin assignment drawings are standard I/Os. 

t The security fuse must be programmed for SDI and DCLK to function as I/Os. For device debugging on the user’s circuit board, MODE, SDI, 


and DCLK should be terminated to circuit ground through a 10-kQ (or greater) resistor. They can be tied to ground if not debugging. 


Figure 34. 84-Pin PLCC Pin Assignment 
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package pin assignments (continued) 


NOTES: 


q. : 


t The securi 


(TOP VIEW) 


‘OZORO) 
OZOZORORORZORORO: 


OZOKO, 


SDO or I/O 


CLKA or VO | 
E3, F4, J2, J3, L5, M9, LO, K12, 
J11, E12, E11, C9, B9, BS, C5 


G3, G2, L7, K7, G10, G11, D7, C7 


VKS 
All pins marked GND are ground connections and must be connected to circuit ground. 


. Vpp must be terminated to Vcc except during programming. 
. Vsy must be terminated to Vcc except during programming. 
. VKs must be terminated to circuit ground except during programming. 


PRA and PRB, the diagnostic probe outputs, should remain open if not used as I/Os. 
MODE must be terminated to circuit ground except during programming or debugging.t 


. SDI and DCLK should be terminated to circuit ground during normal operation if not used as I/Os.T 
. Unused I/O pins are automatically designated by the Action Logic System as outputs and should remain 


unconnected. Unused I/O pins are driven low by design. 

All unidentified pins on the pin assignment drawings are standard I/Os. 

Pin D4 is an orientation pin and is electrically isolated. 

fuse must be programmed for SDI and DCLK to function as I/Os. For device debugging on the user’s circuit board, 


MODE, SDI, and DCLK should be terminated to circuit ground through a 10-kQ (or greater) resistor. They can be tied to ground if 
not debugging. 


Figure 35. 133-Pin CPGA Pin Assignment 
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package pin assignments (continued) 


KS 


1234567 8 
AIMOPDOOOOO00 
BIDOOOO000 
CID MDOAODODODOO 
DIDO OOOOO0O9O0 
EIQ © © Of 
FID GO ® 
GIO © © © 
HjOD © © © 
JIO OOO 
K}O 9 © © 
LIO © GO © 
MI© © © © 
NI©O © © © 
PIO 08 © © 
RI©® © © © 


OM ROROMOMOMOMOMOMOMOMOMO) 
COMOROROMOMOMOMOMOMOMOMONO) 


SIGNALS 


D7 
C3 


B8 7 


D4, E4, G4, H4, K4, L4, M4, M6, 
M8, M10, M12, K12, J12, H12, 
F12, £12, D12, D10, C8, Dé 


F4, H3, J4, M5, N8, M11, H13, 
G12, D11, D8, D5 


NOTES: A. All pins marked GND are ground connections and must be connected to circuit ground. 
. Vpp must be terminated to Vcc except during programming. 
. Vsy must be terminated to Voc except during programming. 
. VKs must be terminated to circuit ground except during programming. 


. MODE must be terminated to circuit ground except during programming or debugging.T 


. SDI and DCLK should be terminated to circuit ground during normal operation if not used as /Os.T 


B 
Cc 
D 
E. PRA and PRB, the diagnostic probe outputs, should remain open if not used as I/Os. 
F 
G 
H 


. Unused I/O pins are automatically designated by the Action Logic System as outputs and should remain 


unconnected. Unused I/O pins are driven low by design. 


All unidentified pins on the pin assignment drawings are standard I/Os. 


I. 
J. Pin E5 is an orientation pin on the 177-pin package only. 


T The security fuse must be programmed for SDI and DCLK to function as I/Os. For device debugging on the user’s circuit board, 
MODE, SDI, and DCLK should be terminated to circuit ground through a 10-kQ. (or greater) resistor. They can be tied to ground if 


not debugging. 


Figure 36. 176-Pin and 177-Pin CPGA Pin Assignment 
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Cc package pin assignments (continued) 
80 797877 76757473 7271706968 67 66 65 646362 61 605058 57 565554535251 
FUE UU U UU 
QU 


GND 


PRA or I/O 


CLK or I/O 
Vec (TOP VIEW) 
CLKB or I/O 


PRB or I/O 


GND 


O 


12345 67 8 91011121314151617 1819 2021 2223 2425 26272829 30 
a) = DO 2 gg 
oO oO 5 a> } eke 
Q ss a) 

2. 
> 2 
=0O 
mz 
m@ 


NOTES: A. All pins marked GND are ground connections and must be connected to circuit ground. 

B. Vpp must be terminated to Voc except during programming. 

C. Vsy must be terminated to Voc except during programming. 

D. VKs must be terminated to circuit ground except during programming. 

E. PRA and PRB, the diagnostic probe outputs, should remain open if not used as I/Os. 

F. MODE must be terminated to circuit ground except during programming or debugging.t 

G. SDI and DCLK should be terminated to circuit ground during normal operation if not used as I/Os.T 

H. Unused I/O pins are automatically designated by the Action Logic System as outputs and should remain 
unconnected. Unused I/O pins are driven low by design. 

|. All unidentified pins on the pin assignment drawings are standard I/Os. 


40 Vcc 


Tt The security fuse must be programmed for SDI and DCLK to function as /Os. For device debugging on the user's circuit board, MODE, SDI, 


and DCLK should be terminated to circuit ground through a 10-kQ (or greater) resistor. They can be tied to ground if not debugging. 


Figure 37. 100-Pin PQFP Pin Assignment 
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package pin assignments (continued) 


4 m 
o c 4 Ss a 
a a 0 Oo a ” 
: oo 6g 6 8885 6288 : 
g soo 8 8 sss Q GGG g 
SISELSAGSASHHHSAAAANAKANALE RSP EC ETS 
PIECE PUCU TCT ECT EU ETC 
O 
1 
3c 
4c 
5c 
6 cr 
7 a 
} ; 3 ee © 
GND 3c 
GND 10 C11 
GND 11 C—o0— 
12 Cr 
13—_ 
14 
15 Cr 
16-—_— 
17§ 
Vsy 18 co (TOP VIEW) 
Vv Cc 19 Cr 
i — 
cc 22 —_r—) 
23 
24 
25 Cr 
26 Cr 
27 
GND 30 C—__ 
31 oa 6 ee 
32 Cr 
33 Car 
34 
5k 
366 = 
NVAVUPURUYAYAAPAPAPARAGOY ETE AP AAO OOOOH AGA APAT ARO A AGA 
5B Be ee eek eS REE BSSSSSSBSESBRER 
gg soe 888 22 g 
58 606 >>> Oo * 
a5 : 
aS 0 
NOTES: A. All pins marked GND are ground connections and must be connected to circuit ground. 
B. Vpp must be terminated to Vcc except during programming. 
C. Vsy must be terminated to Voc except during programming. 
D. Vs must be terminated to circuit ground except during programming. 
E. PRA and PRB, the diagnostic probe outputs, should remain open if not used as I/Os. 
F. MODE must be terminated to circuit ground except during programming or debugging.t 
G. SDI and DCLK should be terminated to circuit ground during normal operation if not used as I/Os.T 
H. Unused I/O pins are automatically designated by the Action Logic System as outputs and should remain 


unconnected. Unused I/O pins are driven low by design. 
All unidentified pins on the pin assignment drawings are standard I/Os. 


Tt The security fuse must be programmed for SDI and DCLK to function as I/Os. For device debugging on the user’s circuit board, 
MODE, SDI, and DCLK should be terminated to circuit ground through a 10-kQ (or greater) resistor. They can be tied to ground if 


not debugging. 
Figure 38. 144-Pin PQFP Pin Assignment 
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¢ package pin assignments (continued) 
: ul 
960—=Céi«S8 ea 2 On be 2 
Oz oO Oo Oo>> Oo oO 
BBB HOR BRGORISESISISESSSHSISBSSSAANAAAANS 
AUB 
TTT ETE EEE EP 
DCLK or VO 12—Ir—]] © —1r— 120 GND 
21 TIT] 119 1/0 or BININ 
3 C1 LL he 1/0 or BINOUT 
4c T_T) 
5—r— es ae 18 
Vcc § CT TT) 415 
7— ty) 114 Vcc 
a pT] 113 
9 ——1r— 112 
Tr Ir) 111 
GND 11 C—c— TT} { 
a (pee © GE IT 109 GND 
18 CIT | 
14 a © 107 
15 ——— IT] 106 
PRB or Vo 16 -—IT—) 105 
tI] 104 
CLK or VO 8 BES 8 —Ir— 103 
CI _] IT] 102 
Vcc 0 SE DE (TOP VIEW) TT) 101 
CLK or 1/0 21 C1 +t] 100 
22 1. It 1 99 GND 
PRA or 1/0 23 C—1t -—Il—1 98 Vcc 
24 a 6 ae i Oe 97 
25 It 96 
26 2a 7 eee 1 95 
7 4 CE RES (lI — 94 
28 C1 Ir} 93 
9a ——Ir— 92 
GND 30 C—O It] 94 
; en 2 [Ir] 99 
32 Car Ir] 89 GND 
33 Corr Ir g§8 
( 34 GEE ff ae Se BS 87 
Voc 35 = eae 88 Vee 
a 0 EE Be $4 
SDI or 1/0 38 tt . -—t——_ 83 
39 tt ——it—_| 82 I/O or SDO 
GND 49 C—L— Ir $1 
PAU UU UT 
FUUUUUUUUU UU UUUD DODO OOOO UO UDO Oe 
SS ee aOR SBR ERSSSSSSBSESSRERRERERRRG 
Q Q oO >oa nan a Q o 
= = O NO Ox =< = = 
ru) © > >> OS > © © Go 


NOTES: A. All pins marked GND are ground connections and must be connected to circuit ground. 

B. Vpp must be terminated to Voc except during programming. 

C. Vsy must be terminated to Voc except during programming. 

D. Vxg must be terminated to circuit ground except during programming. 

E. PRA and PRB, the diagnostic probe outputs, should remain open if not used as I/Os. 

F. MODE must be terminated to circuit ground except during programming or debugging.t 

G. SD! and DCLK should be terminated to circuit ground during normal operation if not used as I/Os.T 

H. Unused I/O pins are automatically designated by the Action Logic System as outputs and should remain 

unconnected. Unused I/O pins are driven low by design. 

|. All unidentified pins on the pin assignment drawings are standard I/Os. 

t The security fuse must be programmed for SDI and DCLK to function as I/Os. For device debugging on the user’s circuit board, 
MODE, SDI, and DCLK should be terminated to circuit ground through a 10-kQ (or greater) resistor. They can be tied to ground if 
not debugging. 


Figure 39. 160-Pin PQFP Pin Assignment 


TExas 4 
INSTRUMENTS 


POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 61 


TPC12 SERIES 
CMOS FIELD-PROGRAMMABLE GATE ARRAYS 


SRFS002C — D3963, DECEMBER 1991 — REVISED FEBRUARY 1993 


package pin assignments (continued) 


Contact the factory for 172-pin CQFP pin assignments 


Figure 40. 172-Pin CQFP Pin Assignment 
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MECHANICAL DATA 


133-Pin ceramic pin-grid-array package 
This is a hermetically sealed ceramic package with metal cap and solder-coated pins. 


Index Square eae Designation per JEDEC Std 30: 
Corner Mark S-CPGA-P 13 X 13 
(PIN A1) x 


34,90 (1.375) rh 
34,18 (1.345) 


4,27 (0.168) MAX 1,27 (0.050) NOM 


3,56 (0.140) 
3,05 (0.112) = ae 0,508 (0.020) = iA . 1,27 (0.050) NOM 


0,406 (0.016) 
133 Places DIA (4 Places) 
(see Note A) 
2,54 (0.100) T.P. 
eee 2,54 (0.100) T.P. 
(see Note B) 


30,5 (1.20) REF 


4 Orientation Pin D4 
(see Note C) 


OROTOTOFOKOXOROZOZOIORO) 
DBODOOD ODO OD OBO 
OZOKOROZOROZORORZOROZORO) 


rwDdoO mnao TenkrrsaZ 


Index Square 123 45 67 8 9101112 13 
Corner Mark = 


(Pin At) ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. The lead finish is solder coated. The dimensions do not include the solder finish. 
B. Pin tips are located within 0,25 (0.010) diameter relative to each other at maximum material condition. Pin bases are located within 
0,76 (0.030) diameter at maximum material condition relative to the center of the ceramic. 
C. Orientation pin D4 is electrically isolated. 


Figure 41. 133-Pin Ceramic Pin-Grid-Array Package 
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MECHANICAL DATA 


176- and 177-pin ceramic pin-grid-array packages 
This is a hermetically sealed ceramic package with metal cap. 


Designation per JEDEC Std 30: 
S-CPGA-P 15 x 15 


Index Square sae 


Corner Mark a 
(PIN A1) 
40,26 (1.585) 
39,50 (1.555) 
5,46 (0.215) MAX | 1,27 (0.050) NOM 
3,56 (0.140) ‘ ' 
3,05 (0.120) ese a ole 1,27 (0.050) NOM 
0,406 (0.016) DIA (4 Places) 
(see Note A) 
2,54 (0.100) T.P. 
(see Note A) 
RIO © © © © © 
PIO © © © © © 
NI© © © © © © 2,54 (0.100) T.P. 
ul© ©©o © © (see Note B) 
LIC © O®© © © 
KI© © © © rer © © 
JIO © © © on Sa ee © © 
nye Hlo@e@o@| (SeeNotec) © © 
REF G/F OOO © © 
FIO © © oO © © 
EIO © © @k + Orlentation Pin E5 
DIDO OGOOOOO0Q0 (see Note C) 
CIODPOODDOOOO 
BID OO©OOOOO0O0 
AI ©OODOOO®O 
Index Square ~% 12 3 45 6 7 8 9 10 111213 1415 
Corner Mark , 
(Pin At) ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Leads and external heatsink slugs surfaces are gold plated. Military version devices may have additional solder coated leads. 


Diagrams do not include the solder finish where applicable. 


B. Pin tips are located within 0,25 (0.010) diameter relative to each other at maximum material condition. Pin bases are located within 


0,76 (0.030) diameter at maximum material condition relative to the center of the ceramic. 
C. Orientation pin E5 and the heat sink slug are at substrate ground. Pin ES is available only for TPC1280GB-177. 


Figure 42. 176- and 177-Pin Ceramic Pin-Grid-Array Packages 


‘TEXAS 4 
INSTRUMENTS 


64 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 


TPC12 SERIES 
CMOS FIELD-PROGRAMMABLE GATE ARRAYS 


SRFS002C — D3963, DECEMBER 1991 — REVISED FEBRUARY 1993 


MECHANICAL DATA 


(20-pin package used for Illustration) 


= DE ERRSES! 


D1 _ Note a [-H-] 4_] (see Note D) 
F Seating Plane 
oe 0,51 (0.020) R. Max 
3 Places 
1,22 (0,048) 1,42 (0.056) ' } 
1,07 (0.042) ~ Places 1,07 (0.042) ae come aie 
0,81 (0.032) 
0,66 (0.026) | YP. 
(+ |0,18 (0.007) 6 BO| A =a 
2 Sides (see Note E) pe! E2 
(see Note F) 
| 1,27 (0.050) [ose] Note Pe 
| 4 Sides [+ [0.38 (0.015) ©] D-ES] ee 
: (see Note C) 


0,51 (0.020) MIN. 


(see Note C) 
0,20 (0.008) (Includes lead finish) 


Sum Of Dam Bar Protrusions 
to be 0,18 (0.007) Maximum 
Per Lead 


0,33 (0 ota) > | I<- — 64 (0.025) MIN. 
10,18 (0.007) @| F-G 6) 
ie COVOSES 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


JEDEC 
MO-047AF 4,19 5,08 | 2,29 3,30 30,10 30,35 | 29,21 29,41} 27,69 28,70 25 40 (1.000 
(0.165) (0.200)| (0.090) (0.130)| (1.185) (1.195) ] (1.150) (1.158)] (1.090) (1.130) ey) 


NOTES: A. All dimensions conform to JEDEC Specification MO-047AA/AF. Dimensions and tolerancing are per ANSI Y14.5M-1982. 
B. Dimension D1 and E1 do not include mold flash protrusion. Protrusion shall not exceed 0,25 (.010) on any side. 


. Datums and for center leads are determined at datum 


. Datum [—-H-| is located at top of leads where they exit plastic body. 


. Location to datums and to be determined at datum | -H- | 


Determined at seating plane 


nmoo 


Figure 43. Plastic Leaded Chip Carriers 
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MECHANICAL DATA 


Contact the factory for 172-pin CQFP mechanical data. 


Figure 44. 172-Pin Ceramic Quad Flat Package 
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(120-pin package used for Illustration) 


See Detall A 


See Detail B 


0° MIN 
0.13 R. MIN 


Datum Plane AAO 0.30 p 
0.13 ° 


Formed Lead 
Dimension (REF.) 
DETAIL A DETAIL B 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS [> 


Figure 45. Plastic Quad Flat Packages 
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All dimensions are millimeters (mm), and the 100- and 144-pin packages conform to JEDEC specification MO-108 (issue A/October 1990), and the 160-pin 
package conforms to JEDEC specification MO-112 (issue A/August 1990). Dimensions and tolerancing per ANSI Y14.5M-1982. 


Datum plane is located at bottom of lead and is coincident with the lead where the lead exits the plastic body at the bottom of the parting line. 


Datums and for center leads are determined at datum 
Determined at seating plane 


Dimensions D1 and E1 do not include mold protrusion. Allowable protrusion is 0.25 per side. Dimensions D1 and E1 do include mold mismatch and are deter- 
mined at datum plane : 


Determined at datum plane 


Dimension B does not include dambar protrusion. Allowable dambar protrusion shall be 0.08 total in excess of the B dimension at maximum material condition. 
Dambar cannot be located on the lower radius or the foot. A minimum solder finish thickness of 0.0051 is guaranteed. 


J1aVWINVHDOHd-d1S14 SOND 


C66L AUWNUGIS GISIATY ~ L661 YAGWADIG ‘€96E0 - DzOOSIUS 


SSIWSS clOdL 


TI Worldwide 
Sales Offices 


ALABAMA: Huntsville: 4960 Corporate Drive, 
Suite 150, Huntsville, AL 35805, (205) 837- 7530. 


ARIZONA: Phoenix: 8825 N. 23rd Avenue, 
Suite 100, Phoenix, AZ 85021, (602) 995-1007. 
CALIFORNIA: Irvine: 1920 Main Street, Suite 
900, Irvine, CA 92714, (714) 660-1200; San 
Diego: 5625 Ruffin Road, Suite 100, San Diego, 
CA 92123, (619) 278-9600; Santa Clara: 5353 
Betsy Ross Drive, Santa Clara, CA 95054, (408) 
980-9000; Woodland Hills: 21550 Oxnard 
Street, Suite 700, Woodland Hills, CA 91367, 
(818) 704-8100. 


COLORADO: Aurora: 1400 S. Potomac Street, 
Suite 101, Aurora, CO 80012, (803) 368-8000. 
CONNECTICUT: Wallingford: 9 Barnes 
Industrial Park So., Wallingford, CT 06492, (203) 
269-0074. 

FLORIDA: Altamonte Springs: 370 S. North 
Lake Boulevard, Suite 1008, Altamonte Springs, 
FL 32701, (407) 260-2116; Fort Lauderdale: 
2950 N.W. 62nd Street, Suite 100, Fort 
Lauderdale, FL 33309, (305) 973-8502; Tampa: 
4803 George Road, Suite 390, Tampa, FL 
33634-6234, (813) 885-7588. 

GEORGIA: Norcross: 5515 Spalding Drive, 
Norcross, GA 30092-2560, (404) 662-7967. 
ILLINOIS: Arlington Heights: 515 West 
Algonquin, Arlington Heights, IL 60005, (708) 
640-2925. 

INDIANA: Carmel: 550 Congressional Drive, 
Suite 100, Carmel, IN 46032, (317) 573-6400; 
Fort Wayne: 103 Airport North Office Park, Fort 
Wayne, IN 46825, (219) 489-4697. . 
KANSAS: Overland Park: 7300 College Bivd., 
Lighton Plaza, Suite 150, Overland Park, KS 
66210, (913) 451-4511. 

MARYLAND: Columbia: 8815 Centre Park Dr., 
Suite 100, Columbia, MD 21045, (410) 964-2003. 
MASSACHUSETTS: Waltham: Bay Colony 
Corporate Center, 950 Winter Street, Suite 2800, 
Waltham, MA 02154, (617) 895-9100. . 
MICHIGAN: Farmington Hills: 33737 W. 12 
Mile Road, Farmington Hiiis, wil 48018, (313) 
553-1581. 

MINNESOTA: Eden Prairie: 11000 W. 78th 
Street, Suite 100, Eden Prairie, MN 55344, (612) 
828-9300. 

MISSOURI: St. Louis: 12412 Powerscourt 
Drive, Suite 125, St. Louis, MO 63131, (314) 
821-8400. 

NEW JERSEY: Iselin: Metropolitan Corporate 
Plaza, 485 Bldg E. U.S. 1 South, Iselin, NJ - 
08830, (908) 750-1050. 

NEW MEXICO: Albuquerque: 2709 J. Pan 
American Freeway NE, Albuquerque, NM 87101, 
(505) 345-2555. 

NEW YORK: East Syracuse: 6365 Collamer 
Drive, East Syracuse, NY 13057, (315) 
463-9291; Fishkill: 300 Westage Business Ctr., 
Suite 140, Fishkill, NY 12524, (914) 897-2900; 
Melville: 48 South Service Road, Suite 100, 
Melville, NY 11747, (516) 454-6601; Pittsford: 


- 2851 Clover Street, Pittsford, NY 14534, (716) 


385-6770. 

NORTH CAROLINA: Charlotte: 8 Woodlawn 
Green, Suite 100, Charlotte, NC 28217, (704) 
527-0930; Raleigh: 2809 Highwoods Boulevard, 
Suite 100, Raleigh, NC 27625, (919) 876-2725. 


OHIO: Beachwood: 23775 Commerce Park 
Rd., Beachwood, OH 44122-5875, (216) 
765-7258; Beavercreek: 4200 Colonel Glenn 
Hwy., Suite 600, Beavercreek, OH 45431, (513) 
427-6200. 


OREGON: Beaverton: 6700 S.W. 105th Street, 


Suite 110, Beaverton, OR 97005, (503) 643-6758. 


PENNSYLVANIA: Blue Bell: 670 Sentry 
Parkway, Suite 200, Blue Bell, PA 19422, (215) 
825-9500. 

PUERTO RICO: Hato Rey: 615 Mercantil Plaza 
Bldg., Suite 505, Hato Rey, PR 00919, (809) 
753-8700. 


TEXAS: Austin: 12501 Research Boulevard, 
Austin, TX 78759, (512) 250-6769; Dallas: 7839 
Churchill Way, Dallas, TX 75251, (214) 
917-1264; Houston: 9301 Southwest Freeway, 
Commerce Park, Suite 360, Houston, TX 77074, 
(713) 778-6592; Midland: FM 1788 & I- 20, 
Midland, TX 7971 1-0448, (915) 561-7137. 
UTAH: Salt Lake City: 2180 South 1300 East, 
Suite 335, Salt Lake City, UT 54106, (801) 
466-8972. 

WISCONSIN: Waukesha: 20825 Swenson 
Drive, Suite 900, Waukesha WI 53186, (414) 
798-1001. 

CANADA: Nepean: 301 Moodie Drive, Suite 
102, Mallorn Centre, Nepean, Ontario, Canada 
K2H 9C4, (613) 726-1970; Richmond Hill: 280 
Centre Street East, Richmond Hill, Ontario, 
Canada, L4C 1B1, (416) 884-9181; St. Laurent: 
9460 Trans Canada Highway, St. Laurent, 
Quebec, Canada H4S 1R7, (514) 335-8392. 


AUSTRALIA (& NEW ZEALAND): Texas 
Instruments Australia Ltd., 6-10 Talavera Road, 
North Ryde (Sydney), New South Wales, 
Australia 2113, 2-878-9000; 14th Floor, 380 St., 
Kilda Road, Melbourne, Victoria, Australia 3004, 
3-696-1211; 171 Philip Highway, Elizabeth, 
South Australia 5112, 8 696-2066. 

BELGIUM: Texas Instruments Belgium 
S.A./N.V., Avenue Jules Bordetlaan 11, 1140 
Brussels, Belgium, (02) 242 30 80. 

BRAZIL: Texas Instrumentos Electronicos do 
Brasil Ltda., Av. Eng. Luiz Carlos Berrini, 
1461-110. andar, 04571, Sao Paulo, SP, Brazil, 
11-535-5133. 

DENMARK: Texas Instruments A/S, Borupvang 
2D, 2750 Ballerup, Denmark, (44) 68 74 00. 
FINLAND: Texas Instruments OY, Ahertajantie 3, 
P.O. Box 86, 02321 Espoo, Finland, (0) 802 6517. 
FRANCE: Texas Instruments France, 8-10 
Avenue Morane-Saulnier, B.P. 67, 78141 Velizy- 
Villacoublay Cedex, France, (1) 30 70 1003. 
GERMANY: Texas Instruments Deutschland 
GmbH., Haggertystrasse 1, 8050 Freising, 
(08161) 80-0; Kurfurstendamm 195-196, 1000 


| on 15, (030) 8 82 73 65; Dusseldorfer Strasse 


“4, 6236 Eschborn 1, (061 96) 80 70; 
Kirchhorster Strasse 2. 3000 Hannover 51, 
(0511) 64 68-0; Maybachstrasse Il, 7302 
Ostfildern 2 (Nellingen), (0711) 3403257; 
Gildehofcenter, Hollestrasse 3, 4800 Essen 1, 
(0201) 24 25-0. 


HOLLAND: Texas Instruments Holland B.V., 
Hogehilweg 19, Postbus 12995, 1100 AZ 
Amsterdam-Zuidoost, Holland, (020) 5602911. 


HONG KONG: Texas Instruments Hong Kong 
Ltd., 8th Floor, World Shipping Center, 7 Canton 
Road, Kowloon, Hong Kong, 737-0338. 


HUNGARY: Texas Instruments Representation, 
Budaorsi ut 42, 1112 Budapest, Hungary, 
(1) 1 66 66 17. 


IRELAND: Texas Instruments Ireland Ltd:, 7/8 
Harcourt Street, Dublin 2, Ireland, (01) 755233. 


ITALY: Texas Instruments Italia S.p.A., Centro 
Direzionale Colleoni, Palazzo Perseo - Via 
Paracelso, 12, 20041 Agrate Brianza (Mi), Italy, 
(039) 63221; Via Castello della Magliana, 38, 
00148 Roma, Italy, (06) 6572651; Via Amendola, 
17, 40100 Bologna, Italy, (051) 554004. 
JAPAN: Texas Instruments Japan Ltd., Aoyama 
Fuji Building 3-6-12 Kita-Aoyama Minato-Ku, 
Tokyo, Japan 107, 03-498-2111; MS Shibaura 
Bidg. 9F, 4-13-23 Shibaura, Minato-ku, Tokyo, 
Japan 108, 03-769-8700; Nissho-lwai Bldg. 5F, 
2-5-8 Imabashi, Chuou-ku, Osaka, Japan 541, 
06-204-1881; Dai-ni Toyota Bldg. Nishi-kan 7F, 
4-10-27 Meieki, Nakamura-ku, Nagoya, Japan 
450, 052-583-8691; Kanazawa Oyama-cho 
Daiichi Seimei Bldg. 6F, 3-10 Oyama-cho, 
Kanazawa-shi, Ishikawa, Japan 920, 
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0762-23-5471; Matsumoto Showa Bldg. 6F, 
1-2-11 Fukashi, Matsumoto-shi, Nagano, Japan 
390, 0263-33-1060; Daiichi Olympic Tachikawa 
Bldg. 6F, 1-25-12, Akebono-cho, Tachikawa-shi, 
Tokyo, Japan 190, 0425-27-6760; Yokohama 
Business Park East Tower 10F, 134 Goudo-cho, 
Hodogaya-ku, Yokohama-shi, Kanagawa, Japan 
240, 045-338-1220; Nihon Seimei Kyoto Yasaka 
Bidg. 5F, 843-2, Higashi-Shiokohji-cho, 
Higashi-iru, Nishinotoh-in, Shiokohji-dori, 
Shimogyo-ku, Kyoto, Japan 600, 075-341-7713; 
Sumitomo Seimei Kumagaya Bldg. 8F, 2-44 
Yayoi, Kumagaya-shi, Saitama, Japan 360, 
0485-22-2440; 2597-1, Aza Harudai, Oaza 
Yasaka, Kitsuki-shi, Oita, Japan 873, 
09786-3-3211. 

KOREA: Texas Instruments Korea Ltd., 28th 
Floor, Trade Tower, 159, Samsung-Dong, 
Kangnam-ku Seoul, Korea, 2-551-2800. 
MALAYSIA: Texas Instruments Malaysia, Sdn. 
Bhd., Asia Pacific, Lot 36.1 #Box 93, Menara 
Maybank, 100 Jalan Tun Perak, 50050 Kuala 
Lumpur, Malaysia, 2306001. 


MEXICO: Texas Instruments de Mexico S.A. de 
C.V., Alfonso Reyes 115, Col. Hipodromo 
Condesa, Mexico, D.F., 06170, 5-515-6081. 
NORWAY: Texas Instruments Norge A/S, B.P. 
106, Refstad (Sinsenveien 53), 0513 Oslo 5, 
Norway, (02) 155 090. 

PEOPLE’S REPUBLIC OF CHINA: Texas 
Instruments China Inc., Beijing Representative 
Office, 7-05 CITIC Building, 19 Jianguomenwai 
Dajie, Beijing, China, 500-2255, Ext. 3750. 
PHILIPPINES: Texas Instruments Asia Ltd., 
Philippines Branch, 14th Floor, Ba-Lepanto 
Building, Paseo de Roxas, Makati, Metro Manila, 
Philippines, 2-8176031. 

PORTUGAL: Texas Instruments Equipamento 
Electronico (Portugal) LDA., Ing. Frederico 
Ulricho, 2650 Moreira Da Maia, 4470 Maia, 
Portugal, (2) 948 1003. . 

SINGAPORE (& INDIA, INDONESIA, 
THAILAND): Texas Instruments Singapore 
(PTE) Ltd., Asia Pacific, 101 Thomson Road, 
#23-01 United Square, Singapore 1130, 3508100. 


SPAIN: Texas Instruments Espana S.A., 
c/Gobelas 43, Urbanizasion La Florida, 28023 
Madrid, Spain, (1) 372 8051; c/Diputacion, 
279-3-5, 08007 Barcelona, Spain, (3) 317 91 80. 
SWEDEN: Texas Instruments International Trade 
Corporation (Sverigefilialen), lsafjordsgatan, Box 
30, 164 93 Kista, Sweden, (08) 752 58 00. 
SWITZERLAND: Texas Instruments Switzerland 
AG, Riedstr. 6, 8953 Dietikon, Switzerland, (01) 
744 2811. 


TAIWAN: Texas Instruments Taiwan Limited, 
Taipei Branch, 10th Floor, Bank Tower, 205 Tung 
Hua N. Road, Taipei, Taiwan, 10592, Republic of 
China, 2-713 9311. 

TURKEY: Texas Instruments, DSEG MidEast 
Regional Marketing Office, Karum Center, Suite 
442, lran Caddesi 21, 06680 Kavaklidere, 
Ankara, Turkey, 4-468-0155. 

UNITED KINGDOM: Texas Instruments Ltd., 
Manton Lane, Bedford, England, MK41 7PA, 
(234) 270 111. 


TI Authorized 


North American 
Distributors 


Alliance Electronics, Inc. (military product only) 
Almac/Arrow 

Anthem Electronics 

Arrow/Schweber 

Future Electronics (Canada) 

Hall-Mark Electronics 

Marshall Industries 

Newark Electronics” 

Wyle Laboratories 

Zeus Components 


Rochester Electronics, Inc. (obsolete product 
only) 


“Not authorized for TI military products 
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